Context. We characterised and studied, in the radio band, a sample of candidates of high Rotation Measure (RM). These point-like objects show a strong depolarisation at 21cm. This feature suggests the presence of a very dense medium surrounding them in a combination of a strong magnetic field. Aims. This work aims at selecting and studying a sample of radio sources with high RM, thus to study their physical conditions and their status with respect to their surrounding medium. We want to understand if any connection is present between the AGN hosting galaxy medium with some evolutionary track and/or some restarting phase of the AGN itself. Methods. Multifrequency single-dish observations were performed with the 100-m Effelsberg telescope to define the initial sample, to characterise the spectral energy distribution (SED) of the final sample (30 targets) and to determine their RM in the 11 to 2 cm wavelength range. Results. From the observations, the SED together with polarisation information, i.e. the fractional polarisation and the polarisation angle, have been determined. Three different object types were revealed from the SEDs analysis: Older, GPS-like and Mixed. For each of the targets, the rotation measure has been found and the depolarisation has been modelled. No significant correlation have been found between the depolarisation behaviours and the SEDs, while a correlation has been found between sources with mixed SED (with an old component at low frequency and compact components at high frequencies) and high values of the rotation measure (with values in the rest frame larger than 1000 rad/m 2 ). Conclusions. This work helps us to define and identify a sample of sources with high RM. From the analysis we can conclude that the sources showing a restarting phase at high frequency (with a Mixed SED), are characterised by a really dense and/or a magnetised medium that strongly rotates the polarisation angle at the different frequencies, leading to a high RM.
Introduction
Active Galactic Nuclei (AGNs) are the most powerful objects in the Universe. Hosting a Supermassive Black Hole (SMBH), AGNs have a spectrum that emits at all wavelengths, from radio to gamma ray. Thanks to this, they are well studied but still our understanding about these objects is not completely clear. The unification scheme for radio loud AGN, where their appearance strongly depend on their orientation (Orr & Browne 1982; Urry & Padovani 1995) , is by now accepted by most of the scientific community, but still several are the open questions. How the medium of the hosting galaxy in the vicinity of the SMBH is characterised and how strong their magnetic field is, are important elements to understand the jets ejection mechanism. It is also important to understand whether AGNs are characterised, in the radio band, by some periodic activity phase (Marecki et al. 2006; Saikia & Jamrozy 2009; Czerny et al. 2009 ). Besides, thanks to studies of samples of compact AGNs, O'Dea & Baum (1997) identified the existence of an anti-correlation between the linear size and the peak frequency in their spectra as the result of the synchrotron self absorption (SSA) mechanism: the higher the e-mail: apasetto@mpifr-bonn.mpg.de peak frequency, the smaller the source. A possible reason could be found in their early evolutionary stage, that leads to very compact radio sources the High Frequency Peakers (HFP) (Dallacasa et al. 2000) , with peak frequency around 8-10 GHz, to the Compact Steep-spectrum Sources (CSS) (Saikia 1988; Fanti et al. 1990) , with a peak frequency around hundred of MHz, passing through a state of Giga-Hertz Peaked-spectrum sources (GPS) (Gopal-Krishna et al. 1983; Stanghellini et al. 1990; O'Dea et al. 1991) , where the peak frequency appears around few GHz. However, whether AGNs are really experiencing the above evolution from young quasars to large-scale radio sources (O'Dea 1998), is still in doubt.
The study and the analysis of the polarisation information in the radio band, is a powerful tool that can help to clarify these questions. The Stokes parameters (I,Q,U and V) are the observable quantities needed to obtain information on the linear polarization. The polarization flux density (S Pol ) is defined as: The fractional polarization is thus the ratio between the polarized flux density (S pol ) with the total flux density, expressed with the Stokes I:
The observed electric vector polarisation angle (EVPA) can be also expressed using the observable Stokes parameters Q and U as:
From this quantities it is possible to study two important aspects of this project: the Faraday rotation and the Faraday depolaization. They can probe the interstellar medium (ISM) and the strength of the magnetic field of the host galaxy. In order to perform this kind of studies, observations in a wide wavelengths range are necessary. The Faraday rotation is the rotation of an electromagnetic wave that occurs when it passes through a magnetised plasma. Different unresolved regions of polarized emission will likely experience different amount of Faraday rotation. Therefore, following the explanation proposed by Burn (1966) , we can express the Faraday rotation using the Faraday depth: 
where n e is the electron density of the medium (expressed in cm −3 ), B is the component of the magnetic field along the line of sight (expressed in µG) and l is the geometrical depth of the medium along the line of sight (expressed in parsecs). The integral is performed along the line of sight from the source (at distance d) to the observer. In the simplest case of an homogeneous medium, φ is equal to the Rotation Measure (RM), defined as the gradient of the polarization angle χ with the observed λ 2 ,:
If the medium is inhomogeneous or unresolved, the RM can change within the source and a deviation, more or less strong, from the λ 2 law occurs (Burn 1966; Vallee 1980; Saikia & Salter 1988) . This can be an indication of the presence of multiple RM components thus a hint of the complexity of the source.
Together with the RM, it is important to study the fractional polarisation (m) behaviour as a function of the observed wavelength. When the Faraday rotation causes the reduction of the fractional polarisation, the source is subjected to depolarisation. This can be internal or external; the first occurs when the Faraday rotating component is intermixed to the radio emitting region and the latter when several Faraday screens are somewhere between the radio source and the observer. Several depolarisation and repolarisation (where the fractional polarization increases at longer wavelengths) models have been developed (Burn 1966; Tribble 1991; Homan et al. 2002; Rossetti et al. 2009; Mantovani et al. 2009; Hovatta et al. 2012) .
The analysis of these two features, the RM and the depolarisation, can give information about the density distribution of the ISM that surrounds the radio source, its clumpiness and the strength of the magnetic field. The importance of connecting the polarisation properties, like a very high RM value and strong depolarisation, with the ambient medium, is evident since years (Burn 1966; Laing 1984; Tribble 1991; Rossetti et al. 2008) . Some observational works have found sources with very high RM with single dish and interferometric technique (Kato et al. 1987; Benn et al. 2005; Trippe et al. 2012; Kravchenko et al. 2015) and also with studies with higher resolution VLBI technique (Zavala & Taylor 2004; Attridge et al. 2005; Jorstad et al. 2007 ). However, a deep study of a relationship between the RM and the ambient medium is very difficult since it would require the study of a large sample in a large range of frequencies and with simultaneous observations. In this work we present an homogeneous observational study performed with the 100-m Effelsberg telescope of a mediumsized sample of radio sources. We made a selection of sources from the full northern sky based on strong depolarisation at a low frequency which defined a sample of high RM candidates. These sample was then observed at several frequencies in the 2-15 GHz range with the single dish telescope. We want to study whether any connection is present between the AGN hosting galaxy medium with some evolutionary track and/or some periodic activity phase of the AGN itself. Further observations on our sample, using the JVLA, EVN and VLBA interferometers, will be reported in future papers.
Sample selection criteria
Our sample was created by selecting sources from the NRAO VLA Sky Survey (NVSS) (Condon et al. 1998) , a survey at 1.4 GHz, which contains a total of 1773484 entries. From these, we considered only sources matching the following criteria:
-Flux density S NVS S ≥ 300 mJy; -Unresolved with major axis θ ma j NVS S ≤ 45 ; -Declination δ ≥ -10
• ;
-Polarisation flux density S pol NVS S ≤ 0.87 mJy, i.e. unpolarized sources;
The minimum flux density of 300 mJy at 1.4 GHz was chosen in order to be able to detect enough total flux density at higher frequencies (roughly S=70 mJy at 10.45 GHz) to perform polarisation studies, assuming that the majority of the AGNs could be characterised by a steep radio spectrum with α= -0.7. The last point is essential as we are interested in studying sources suffering for a strong depolarisation at 1.4 GHz, hint of a possible high RM. The value 0.87 mJy represents the 3σ (Condon et al. 1998) . The result of this selection is a list of 2890 point-like sources with no detected polarisation flux density (thus ∼20% of the brightest sources in the NVSS do not have polarisation detection).
As a second step, we cross correlated the obtained sample with the Faint Images of the Radio Sky at Twenty-cm (FIRST) catalog (White et al. 1997) . Having a better angular resolution, only unresolved sources, i.e. with a angular size ≤5 , were selected. The objective of this was to increase the probability to select possibly compact and/or high redshift candidates. The result of the cross correlation is a list of 537 bright, point-like and unpolarised sources.
Given the strong dependence of the Faraday depolarisation effect with the observing frequency (the lower the frequency, the stronger the depolarisation becomes), we observed the entire cross correlated list with the 100-m Effelsberg telescope at 10.45 GHz (see section 4.1), in order to search for polarised flux density, thus suggesting a strong depolarisation at 1.4 GHz. The final sample of high RM candidates is composed of 30 sources (∼ 6% of the initial cross correlated sample). We checked that the targets are isolated sources, extracting images from the FIRST catalogue using an image size of 5 , corresponding to the size of the Effelsberg beam at 11cm (2.64 GHz). The final sample have been finally observed at several frequencies (see section 4.2) in order to determine their SEDs and their RM (see section 6.2 and 6.4 respectively).
Possible selection biases
The selection criteria we followed could result in two possible biases present in our sample. The first is the lack of sensitivity of our observations for sources weaker than 150 mJy at 10.45 GHz. This could exclude a fraction of steep spectrum sources, for which the polarised flux density drops below the minimum 3 mJy limit detectable in our observations. In fact, starting from the original list (537 unpolarised sources at 1.4 GHz), 30 sources show significant polarisation at 10.45 GHz, the remaining 507 not. Setting a 3 mJy upper limit (3σ, assuming the Effelsberg rms=1 mJy/beam) to their polarised flux density and assuming a typical detectable fractional polarisation being larger than 2% (Condon et al. 1998) , we can only assert that the unpolarised sources are 77 targets with no polarisation detection at 10.45 GHz and S 10.45 150 mJy. Thus for the remaining 430 targets we cannot discern if they are polarised or not and, as a consequence, we can not include them into our study.
In contrast, our flux density selection criterium (S 1.4GHz ≥ 300 mJy) should exclude from our analysis potential sources with synchrotron spectra peaking at higher frequencies, thus potential GPS-HFP targets. These sources, peaking in the range between 2 and 10 GHz, are optically thick at 1.4 GHz. Then, at this frequency their emission increases with a spectral index of 2.5. Therefore, while they can be very bright at high frequencies, we are excluding them from our analysis due to their weakness at 1.4 GHz.
Observations
In the following, we describe the observational campaign carried out for this work with the 100-m Effelsberg single dish telescope.
10.45 GHz observations
In order to identify high RM candidates, we initially selected unpolarised sources at 1.4 GHz in the NVSS catalogue, assuming that the non-polarisation in some cases is caused by in-band depolarisation due to a very high RM. Therefore the strategy we adopted was to observe at higher frequency searching for polarised flux density. Using the 100-m Effelsberg telescope, observations at 10.45 GHz on the initial sample of 537 targets were performed during the winter semester 2012-13. The 10.45 GHz receiver has a bandwidth of 300 MHz and a system temperature (Tsys) of ∼50 K on the sky (zenith) and a FWHM of 69 . The system delivers Right Circular Polarisation (RCP) and Left Circular Polarisation (LCP) and is connected to an IFpolarimetry that provides full polarisation information, thus giving the Stokes parameters: I, Q, U and theoretically also V. Due to the expected weakness of Stokes V in extragalactic sources, that has not been studied. All 537 sources are point-like compared to the Effelsberg beam. Therefore they were observed in cross-scan mode, along azimuth and elevation with a scan length of 6 and a scanning speed of ∼7 /sec, using a total of twelve subscans (6 scans for each direction). Since the sources are bright enough, focus and pointing were checked by the targets themselves. 3C286, 3C48 and 3C161 have been observed as flux density calibrators, the flux densities of which were based on the scale of Baars et al. (1977) and counter-checked with more recent data coming from the 100-m Effelsberg calibrators monitoring program (Kraus et al. 2003) . The polarisation information (the fractional polarisation m and the polarisation angle χ) of the mentioned calibrators, were checked using the recent and continuously updated values available in the Effelsberg wiki-page 1 . NGC7027 and 0951+69 have been chosen as unpolarised calibrators to determine the leakage terms, the instrumental polarisation, which is of the order of 1%. This first observational session at high frequency leaded to a list of 30 sources which became the high RM candidates (see Tab.1).
Follow-up programme
For the sources with detected polarisation at 10.45 GHz, a follow-up programme was performed in order to determine their RM value. The 30 sources have been observed in cross-scan mode at 2.64 GHz (FWHM of 275 ), 4.85 GHz (FWHM of 146 ), 8.35 GHz (FWHM of 80.6 ), 10.45 GHz (FWHM of 69 ) and 14.60 GHz (FWHM of 50.8 ) (see the Effelsberg wiki-page 2 for more details on the receivers). The scan length and the scan velocity were chosen following the technical parameters of the different receivers. As previously done with the observations at 10.45 GHz, suitable sources, such as 3C286, 3C48 and 3C161, were observed as flux densities calibrators and, also, to check for the polarisation information (m and χ). Again NGC7027 and 0951+69 were observed for the determination of the instrumental polarisation. The total intensity and the polarisation information for all the 30 targets were collected and they are presented in section 6. The sample have been observed quasisimultaneously with time between observations from few hours to few days (in few cases in order to repeat some bad observations). Tab. 1 -6 in Appendix A, contain the values of total intensity and the polarisation information of the high RM candidates collected during this follow-up campaign.
Time variability
Flux density and polarization variability over the entire electromagnetic spectrum is a common phenomenon in AGN (Peterson 2001) and could therefore also influence our observations. However, strong variations are usually seen only at frequencies > 10 GHz and mainly in blazar sources (radio-loud AGN seen at small angles to the axis of the jet) with variations of several factors in the total flux density (e.g. by a factor of ∼4 for the sources BL Lac and 3C 273 at 15.0 GHz within 20 years) (Lister et al. 2009 ).
During the follow-up observations, the high RM candidates have been observed nearly simultaneously at the various frequencies; the time between the individual scans was in most cases only a few minutes (except for few cases where bad observations had to be repeated). From the obtained SEDs (presented in section 6.2) of our targets, we can assert that the high RM sample is mainly composed by quasars, and we can most likely exclude contamination from blazar type source. Besides, most of our observations are performed at frequencies ≤10 GHz, hence, strong variations are rather unlikely. Furthermore, our repeated observations at 10.45 GHz (for the follow-up campaign; section 4.2) didn't reveal any strong variations -at the most, small oscillations (of the order of few %) have been seen on a time scale of few months.
As one observes at lower frequencies, time variability is less strong. A considerable time window for this project is given by the NVSS and low-frequencies surveys, for which, as said, should not give any variability issues. Therefore, since our sources seem to be not strongly variable at the hi??gher observed frequency (10.45 GHz), we can expect that the combination of the new Effelsberg data and the data taken from literature, is not strongly affected by a time variability significant for the purposes of this work. Therefore, we can safely assume that neither our RM determination nor the SEDs are significantly influenced by source variability.
Data reduction
Data reduction has been done using the TOOLBOX package for single dish data (Max Planck Institute for Radio Astronomy; see the Effelsberg wiki-page 3 ). For coherency, the same data reduction procedure has been followed for all frequencies like the correction for the opacity, determined by a fit between the Tsys versus airmass distribution, and the pointing offsets, where the offsets in longitude are applied to the latitude data and vice versa. Moreover a baseline subtraction, an averaging of all the subscans and few other standard adjustments were applied. Flux calibration has been done using the [Jy/K] factor calculated from the flux calibrators opportunely observed during the different observational sessions. The leakage terms have been adequately obtained through observations on unpolarised point like calibrators. The errors have been calculated through error propagation taking into account uncertainties from the Gaussian fit to the cross-scanned data, pointing correction and various calibration uncertainties, e.g. changes in the noise diode or changes in the focus.
Comparison samples
We compare our results with two comparison samples. We used the 77 bona fide unpolarised sources at 10.45 GHz, listed in Tab. 1, to compare their spectral indices with those of our high RM candidates.
We also compare our RM results with the sample of Farnes et al. (2014) . They present a catalogue of multi-wavelength linear polarisation and total intensity radio data for polarised sources from the NVSS. The result of this work is a catalogue of 951 sources with the SEDs in both total intensity and fractional polarisation.
Results and discussion
In Tab.2 we present information about the 30 high RM candidates: the sources coordinates taken from the FIRST catalogue (they are more precise, compared to the NVSS survey, thanks to the better angular resolution of the survey), their total flux density at 1.4 GHz from the NVSS catalogue, their total flux density measured with the Effelsberg telescope at 10.45 GHz (both expressed in mJy), the spectral index (α 1.4−10.45 ), the observed RM value (RM obs ), the redshifts (when available from literature), the contribution of the RM of our Galaxy (RM mw ), the values of which have been taken from the most recent work by Oppermann et al. (2015) , and finally the rest frame RM corrected by their redshifts (RM r f ). Where the redshift was not available in the literature, we assumed a mean value: z mean = 1.5 in order to have a rough idea on the intrinsic RM value. For the source 0845+0439 we receive its redshift value via private communication after spectroscopic measurements tests at the Large Binocular Telescope (LBT). Almost all the targets are QSO type.
In the following, we discuss about the spectral index distribution, their SEDs, and their polarisation information with a detailed explanation of the RM determination and the depolarisation behaviour.
Spectral index distribution
From the first observation run we were able to determine the spectral index (defined here as S ∝ ν α ) between 1.4 GHz (from the NVSS catalogue) and 10.45 GHz. This allows us to have a qualitative idea on the source type presented in the sample. As mentioned in section 5, we compared the 30 high RM candidates, with the 77 unpolarised sources at 10.45 GHz.
In Fig.1 the spectral index distributions for the targets considered to have a high RM (red colours) together with the unpolarised targets (black colours) and its cumulative plot distribution are shown. Both the histograms have been normalised with the number of the sources. We chose the bin dimension larger than the 3σ of the larger error of the spectral index in our sample (in this case 3σ α = 0.18). From the cumulative plot (Fig.1b) , the two distributions seem to follow a similar tendency up to a value of α∼-0.6, then they separate. In fact, the spectral index distribution of the unpolarized sources (black histogram Fig.1a ) peaks at α peak -0.5, thus we see mainly steep radio spectra sources. On the other hand, the spectral index distribution of the high RM candidates (red histogram Fig.1a) shows three different groups of objects. The three distributions peak, indeed, at different spectral indices revealing us the following classes of spectra:
-steep spectrum radio sources with α peak -0.8; -flat spectrum radio sources with α peak -0.1; -inverted spectrum radio sources with α peak +0.2;
The distribution of radio spectral indices can be symptomatic of the orientations of radio sources (Orr & Browne 1982) . The first group could be associated to "lobe dominated", objects where large-scale structures dominate the radio synchrotron emission and where the steepness of the spectrum is due to radiative loss of the relativistic electrons. Flat spectrum radio sources could be associated with objects for which the lines of sight are closer to the radio axis. In these objects, we would see a superposition of several features, thus a continuous injection of relativistic electrons that become opaque at widely different frequencies. The latter kind of objects could be representative of "core dominated" objects where the dominant synchrotron component is very compact and where it is possible that the synchrotron self absorption occur. If a turnover peak is revealed in the spectra of these objects, it is possible to associate them to the GPS source which are supposed to be AGN in an early phase of activity (O'Dea 1998) .
From the comparison of the histograms in Fig.1 , we can assert that, although the low-number in our sample, the high RM candidates do not seem to be represented by a particular class Article number, page 5 of 27 A&A proofs: manuscript no. EffhighRMpaperAstroph Table 2 . Table listing the general information of the sources: the source name, the source coordinates right ascension and declination [J2000] taken from the FIRST catalogue, the flux density at 1.4 GHz from the NVSS catalogue, the measured flux density at 10.45 GHz with Effelsberg, the spectral index among these two frequencies α 1.4−10.45 , the observed RM (RM obs ), the contribution of the RM from the Milky Way (RM mw ), the redshifts of the sources taken from the literature (where this information was not available, its mean value was considered; marked here with an asterisk) and the rest frame RM (RM r f ) 480 ± 10 379 ± 7 -0.12 ± 0.04 -800 ± 100 1.3 -40 ± 100 -4400 ± 500 of targets. Instead, the three main types of spectra seem to represent equally these peculiar objects. On the contrary, the other sources without detected polarisation at high frequency seem to be dominated by very steep spectra. This could be an indication that the objects without high RM could be dominated by very extended, and probably old, synchrotron components while high RM values could be found in different objects where the combined contribution of electron density and magnetic field is strong.
Spectral energy distribution
The wide frequency coverage obtained with our follow-up observations, plus data from literature, allows us to study the SED shape of these sources all characterised by synchrotron emission. We, indeed, extended the SEDs to frequencies lower than 1.4 GHz, using the following surveys: VLSS (74 MHz with a resolution of 80 ) (Cohen et al. 2007 ), 7C (151 MHz with a resolution of 70 ) (Hales et al. 2007) , WENSS (325 MHz with a resolution of 54 × 54 cosecδ) (Rengelink et al. 1997) and TEXAS (365 MHz with a resolution of ∼50 ) (Douglas et al. 1996) . Their values are listed in Tab. A.1 -6. As commented in section 2, we checked that our targets are isolated up to 5 . Therefore, the different beam sizes of each frequency should not be affected by back-or foreground sources. Moreover, all the sources were selected to be compact in the FIRST survey. Therefore, effects on the flux density due to extended structures are neither affecting our analysis. For each source in our sample, we fit several models representing its SEDs: -A power law, representing a purely optically thin synchrotron spectrum with a slope α thin :
-A power law with a break (symptomatic of an ageing of the radio source) at frequency ν b :
where α thin is the spectral index at frequencies lower than ν b and α break is the spectral index at higher frequencies. -A single synchrotron self-absorption component:
where ν 0 is the frequency where the emission changes from optically thick, with a spectral index of 2.5, to optically thin with a spectral index α thin . -A single synchrotron component with a break at frequency ν b :
-A combination of several synchrotron components (S s+ ν ) with fixed α thin = -0.7 -A combination of a power law with one or two synchrotron components (S pls ν ) with α thin = free or α thin = -0.7. For each source, we selected the best model according to the lowest residual value. Tab. B.1 shows the chosen parameters for the different fitting functions used for the SEDs study. Tab. 3 is a quick look on the values for α thick and α thin we decided to use for each model.
Based on the fitted SEDs we noticed 3 main groups. We will refer to them from now on with:
-Older: sources fitted with a power law (with or without a break) and sources with one synchrotron component with a break (the presence of a frequency break is an indication of an ageing of the source). -GPS-like: SEDs with several synchrotron components peaking at frequencies ≥ 100 MHz. -Mixed: the combination of the two above, thus a combination of a power law or a synchrotron component peaked at low frequency (with peak frequency ≤ 100 MHz) and one or more synchrotron components at higher frequencies (with peak at frequencies ≥ 100 MHz). In Fig.2 , we show three examples of the three object types we identified. Together with the total intensity SED, information on the polarisation flux density, the fractional polarisation (m) and the polarisation angle (χ) are shown for each of the targets. An explanation and a discussion about the polarisation characteristics is presented in subsections 6.4 and 6.5. Similar plots for all the sources are available in Appendix C. From the analysis of the radio spectra we find that the sample splits into three (equal sized) parts:
-1/3 of the sample can be considered as Older sources. Since for these sources the synchrotron peak is not visible or it peaks at very low MHz value, it is possible to assert that these sources have an extended and probably old synchrotron component; -1/3 of the sample is characterised by a GPS-like SED. These targets could have a more compact and probably early phases synchrotron components. -1/3 of the sample can be considered to have Mixed spectrum, i.e. a combination of Older and GPS-like features. This behaviour could be an indication of sources in which a restart radio emission activity occurs.
These results suggest that the high RM candidates are mainly (66%) sources with compact high frequency components, thus probably new growing radio components. We can associate these targets with objects in a particular compact young phase (the GPS-like) or in a reactivated activity phase (Mixed).
For the Older sources a possible explanation for a high RM value could be a very dense intervening material surrounding the already extended radio component. From these considerations, in all the cases, the contribution inferred by the medium in which the source is embedded and/or the several Faraday screens that the radiation passes through (see subsections 6.4 and 6.5 for details) is very important.
Magnetic Field Estimation
Together with the characterisation of the type of the targets, considerations on the magnetic field have been done. Lower limits on the magnetic field have been computed from observable quantities. Assuming that the spectral peaks seen on the SEDs are due to SSA, the magnetic field B of an homogeneous synchrotron component can be derived using the following relation (see e.g., Kellermann & Pauliny-Toth 1981) :
where θ is the angular dimension [mas], S max and ν max are the peak flux density [Jy] and the peak frequency [GHz] of the synchrotron component and z is the redshift. Since all our targets are unresolved for the FIRST beam, we do not have information on their angular size. We obtained lower limits for the angular sizes by considering the inverse Compton limit for which the brightness temperature (T B ) is assumed not exceeding its maximum value T B ≤ 10 12 K (Kellermann & Pauliny-Toth 1981) :
hence:
From the lower limits in the angular size, we obtained lower limits for the magnetic field strength [µG] for those targets with synchrotron component/s in their SEDs. For the sources with no information of the redshift z, the mean value of the sample (z mean =1.5) was used in order to have a rough estimation on their magnetic field strength. The lower limit values are listed in Tab. 4 and are, for most of the sources, in the range of 1-100 µG.
Rotation Measure
The polarisation angle χ for all the targets was calculated and, by combining several frequencies, their Rotation Measure (RM) estimated. In order to determine the RM value we fit a straight line (linear regression fit) to the plot of the EVPA versus λ 2 . The data at our disposal cover a wide range in λ but with large gaps in the λ 2 coverage, thus the resulting RM values suffer from nπ ambiguity. The strategy we adopted was to trust the observed polarisation angle values at the highest frequency, which suffer less from Faraday rotation and to apply, where necessary, wrapping by some integer multiple of 180 degrees to the lower frequencies data (mostly to the 2.64 GHz and to the 4.85 GHz data). The maximum number of wraps we decided to apply had been fixed to five.
In Tab. 2 the values of the observed RM (RM obs ) together with the rest frame RM (RM r f ), both given in rad/m 2 , are listed. As known, our Milky Way introduces a RM contribution that varies with the galactic latitude. The high RM targets are mainly at latitudes |b| > 30
• , thus above the galactic plane, but following pioneer works (Kronberg & Simard-Normandin 1976; Kronberg et al. 1977 ), the Galactic contribution should be subtracted to the observed RM value. Looking at the most recent foreground galactic RM (RM mw ) map by Oppermann et al. (2015) , we noticed that the RM mw contributions at the positions of our sources, are very small compared to the observed RM obs of our targets. However, the uncertainties of the RM mw are quite large. Therefore, since the correction for the galactic contribution in our case would only increase the uncertainty of the measures without a significant correction on the RM value, we decided to not apply it. For the same reason we decided to ignore also the cosmicweb contribution that is only a few rad/m 2 too (Akahori & Ryu Article number, page 8 of 27
Pasetto et al.: A single dish study of high RM AGNs 2011). The source rest frame RM r f was then calculated following the relation:
For those sources with unknown z, we used the approximate mean value of our sample (z mean =1.5) in order to have at least an indication on the intrinsic RM of the source. In Appendix C all the plots showing the RM fit for the 30 targets, together with the SEDs and other polarisation information are shown. The fitted data points for the RM almost always showed a linear regression with the lowest χ 2 fit, expected for the goodness of the fit. However, for 10 sources (∼ 33% of the sample; 0239-0234, 0742+4900, 1043+2408, 1213+1307, 1616+2647, 1713+2813, 2050+0407, 2101+0341, 2200+0708, 2245+0324) we noticed a deviation from the λ 2 law. Among these, 6 sources (∼ 60%), are GPS-like. This suggests that these compact sources are characterised by several Faraday screens intervening the medium. Indeed if the radiation passes through different magnetised plasma, the latter could rotate the polarisation angle differently, with the result of a non linear behaviour of the data. This explains, in general, the low-RM (observed) associated for the majority of these 10 sources (∼ 90%).
In Fig. 3 we show the distribution of the fitted RM (RM obs ) for our 30 high RM sources (red histogram) compared with the targets from the Farnes catalogue (Farnes et al. 2014 ) (blue histogram) and its cumulative plot. Both the histograms have been normalised with the number of the sources of each sample: 30 sources for our sample and 951 for the Farnes sample. For a better visibility of the whole distribution, the histograms are shown in logarithmic scale. Farnes et al. (2014) shows a RM obs distribution that is centred to zero with a σ∼100 rad/m 2 . From the two histograms in Fig. 3 it is evident that the distribution of the |RM obs | of our sample is different with respect to the sources chosen from the Farnes catalogue. The cumulative plot underlines that 80% of the Farnes targets have a |RM obs | value below 20 rad/m 2 , while 80% of our targets have a |RM obs | value of 100 rad/m 2 . In order to check the discrepancy, we also run the Kolmogorov-Smirnov test to the distributions and it gives a probability that the two distributions are comparable of 3×10 −6 ; the two distributions are different at a confidence level > 95%.
We also compared the RM for the three main object types we have found analysing the SEDs. Their cumulative plot of the |RM obs | and the |RM r f | are shown in Fig. 4 . In Fig. 4a it is clear that the three groups are different and it seems that the Mixed targets are those with the largest values of |RM obs |. Indeed, after the correction of the observed RM to its value in the rest frame (Fig. 4b) , we can assert that all the Mixed targets show |RM r f | higher than 1000 rad/m 2 , while for the two others only 50% are above 500 rad/m 2 , still 5σ away from the Farnes distribution. This seems to suggest that sources that show a mixed SED, with an old component at low frequency and compact components at high frequencies, i.e. radio sources that are restarting their activity, are related to high values of the RM.
Fractional polarisation, depolarisation and repolarisation
The analysis of the fractional polarisation (m), as a function of λ 2 indicates that the majority of the sources have a fractional polarisation that decreases with increasing wavelength (Saikia & Salter 1988) . This is indicative of a non-homogeneous medium that is present between the source and the observer.
Several depolarisation (DP) models have been developed in order to explain the physical processes behind this behaviour. The main models that one need to consider are: the Slab model (Burn 1966 ), the Tribble model (Tribble 1991) , the RossettiMantovani model (Rossetti et al. 2008; Mantovani et al. 2009 ) and the Repolariser model (Homan et al. 2002; Mantovani et al. 2009; Hovatta et al. 2012) . Most of these models assume an optically thin emitting region and all of them make the assumption that we detect the same emitting region at each frequency. We saw from our SEDs that the majority of the sources have different synchrotron components contributing to the shape of the total intensity distribution. Thus, our unresolved sources can have several overlaps of optically thick and optically thin components together. This can, in the end, modifies the polarisation behaviour from the simplified way described from the models.
As we cannot be sure that the polarised emitting region comes from the same emitting region within the frequency range and, due to the lack of a complete coverage along the bandwidth, we decided to follow a similar approach to that adopted by Farnes et al. (2014) : we choose three models that are just a mathematical generalisation that can mimic the wavelength de- pendence of polarisation of the various physical models: a Gaussian (DP Gauss ), a power law (DP PL ) and a Gaussian with a constant term (DP Gauss+ ).
where λ is in units of centimetres, m 0 in %, c 1 and c 2 in centimetres, c 3 is unit-less and b is a constant. The Gaussian model is representative of the Slab model, the power law model represents the Tribble or, thanks to its flexibility, the Repolariser model and finally the Gaussian with the constant term can provide the Rossetti-Mantovani model.
Due to the different number of degrees of freedom for the various models the Gaussian and the power law models have been used whenever three or more data points were available and the Gaussian with constant model have been adopted when four or more data points were available. Proper fitting constraints were applied during the fitting process to ensure that only values of c i corresponding to physical solutions were obtained. Repolarised sources have been identified thanks to the flexibility of the power law model, which provides a polarisation spectral index c 3 > 0. The determination of the residuals, together with a visual inspection, provides a measure for the goodness of the fit. See the Appendix C for the plots of the depolarisation models.
Some of the sources (∼ 30% of the sample; see 0845+0439 as an example, Fig. 2) show a complex behaviour with a rising and decaying of the fractional polarisation; for them none of the three models fit properly the data. The behaviour of these sources can be better studied with better frequency sampled data and/or higher angular resolution observations. Still from this first analysis it is possible to note that: -1/3 of the sample follow a model of a Gaussian, DP Gauss , or a Gaussian with a constant term, DP Gauss+ . -1/3 of the sample follow a power law model, DP PL .
-1/3 of the sample cannot be fitted by any of the three models because of their complex shape, thus we can assert the existence of a complex model DP complex not proposed here, due to the lack of points for the fitting.
We did not find any correlation between the DP models and the SEDs shapes or the RM values. Thus from these first single dish analysis on the polarisation fraction is not possible to indicate a possible trend that these objects are following.
Summary and conclusions
In this work, we presented the search for sources with a very high RM, as well as some follow-up studies of appropriate candidates. Assuming that a high RM causes strong in-band depolarisation, we observed a sample for unpolarised sources from the NVSS with the 100-m Effelsberg telescope at 10.45 GHz. After the identification of 30 potential high RM sources, we performed observations at 2. 64, 4.85, 8.35, 10.45 and 14.60 GHz as well, in order to determine the SED and the RM of the sources. In some cases, exceptionally high RM were found, e.g. in 1616+0459 where its RM obs of ∼ 2550 rad/m 2 corresponds to a RM r f of ∼ 44300 rad/m 2 . Our main conclusions can be summarised as follows.
-From our statistical study it turns out that the high RM candidates are not characterised by a specific object type. Indeed the spectral index distribution of the 30 high RM candidates shows three peaks representing all the possible object type (steep, flat and inverted spectrum radio sources). -SEDs have been characterised and three groups (Older, GPSlike, Mixed) have been identified. high RM candidates are mainly (66%) sources with compact high frequency components, probably new growing radio components, thus objects in a particular compact young phase (the GPS-like) or in a reactivated activity phase (Mixed). The Older sources showing high RM could be surrounded by a very dense intervening material. -Lower limits for the magnetic field strength have been calculated for those sources with well defined synchrotron component/s in their SEDs. Due to the lack of angular resolution, no evidence of strong magnetic fields have been detected.
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-The behaviour of the fractional polarisation m with λ 2 have been fitted using simpler mathematical representations of the main physical depolarisation models: the Slab model, the Tribble model, the Repolariser and the Rossetti-Mantovani model. Three groups have been detected: sources following a Gaussian or Gaussian with a constant term model, sources following a power law model and sources having a complex behaviour for which we cannot fit any of the model because of their complex shape. No correlation between the SED type and the fractional polarisation behaviour has been found.
-The RM has been determined for the all the sources of the sample, among these, 11 sources show a deviation from a simple linear behaviour. This feature could be an indication that several Faraday screens within the medium are affecting differently the polarisation angle distribution. Due to the lack of well sample data, we could not reconstruct their real behaviour. -A strong correlation between the mixed SEDs and a high value of the RM has been found. Indeed the mixed sources have all a RM r f larger than 1000 rad/m 2 . This could be an indication that these particular sources, showing a restarting phase at high frequency, are characterised by a really dense and/or a magnetised medium that strongly rotates the polarisation angle.
Extreme cases, i.e. all the sources with |RM obs |≥500 rad/m 2 , are being studied by us with interferometric technique, using the JVLA, VLBA and EVN interferometers. The results will be published in future papers. 650 ± 10 55 ± 4 8.4 ± 0.6 93.9 ± 2.0 10.45 723 ± 6 51 ± 1 7.0 ± 0.1 88.9 ± 0.4 8.35
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